ABSTRACT
INTRODUCTION

32
Reinforced concrete (RC) structures are affected by external factors such as lack of maintenance, environmental 33 conditions, or overloading that can cause deterioration and potentially diminish their structural performance. In 34 addition, there is a growing need for upgrading existing structures in order to comply with requirements 35 established in new design guidelines or to achieve an adequate level of performance due to the modification of 
62
This paper summarizes the state of research on the topic of shear strengthening of RC beams using externally 63 bonded FRCM composites with the goal of serving as a reference point for the development of future research. In 64 the first part of this paper, a detailed bibliographical review of the literature on the shear strengthening of RC 65 beams using FRCM composites is carried out. This review summarizes the major findings and points out main 66 aspects that should be addressed in future research. In the second part of this paper, design models proposed to 67 predict the contribution of the FRCM composite to the shear strength of RC beams, including the ACI 549.4R
68
[11] expressions, are assessed using a database of experimental results collected and compiled by the authors.
69
EXPERIMENTAL DATABASE
70
Fifteen articles related to shear strengthening of RC beams using FRCM composites were found in the technical 71 literature and are summarized in Table 1 . From these articles, a database that includes the characteristics and 72 results of experimental tests of the FRCM strengthened beams was developed and is presented in Appendix A.
73
Eighty-nine strengthened beams are included in the database. 
74
79
Although experimental specimens aimed to investigate the shear behavior of strengthened specimens are designed 80 to attain shear failure, it is important to highlight that in some cases (seven tests, see Tables 1 and A1) the addition   81 of the FRCM system changed the mode of failure from a brittle shear failure to a more ductile flexural failure.
82
Specimens that failed in flexure can be considered as a lower bound of the strengthening capacity, but the behavior 83 of beams that failed in that fashion is not further discussed in this paper. 
148
In Figure 3 , the influence of key mechanical properties of the FRCM composite (fiber type; bare fiber ultimate 149 strain (fu); cementitious matrix compressive strength (f'cm); and ratio f'cm/f'c) on the ratio VFRCM/VCON is presented.
150
Tests on beams with carbon fiber represent 48% of the available data, followed by glass, PBO, and basalt fibers. 
Values of Vc, Vs, and Vc,max in Eqs. (1) and (2) are calculated using the equations in current design provisions for 267 unstrengthened RC beams. In this paper, the evaluation of the models is carried out considering only the strength 268 provided by the FRCM system (i.e. VFRCM) and not the total shear capacity (i.e. Vn) achieved after strengthening.
269
Although the four models present different formulations, they are each based on the well-known truss analogy 
where N is the number of tests. Tables 1 and A1 reported the required properties.
287
The assessment of Model 1 is made using all tests, except those with anchors or that failed in flexure, and the 288 resulting database is referred to as Database 1 ("DB1"), which includes 69 tests. Model 2, on the other hand, was 289 formulated based on tests in which detachment of the FRCM system from the substrate was prevented. For this 290 reason, its evaluation is carried out using a subset of DB1, referred to as Database 2, ("DB2"), which includes 291 only those tests that did not exhibit composite detachment (36 tests). The performance of Models 1 and 2 is then 292 compared using DB2 (Section 3.4), since it is common to both. 
303
In order to facilitate the analysis, the formulations of the models are presented in this paper with a uniform notation. 
The average value of eff normalized by fu (i.e.,eff /fu), without including values of eff /fu>1.0, is 0.38 336 (COV=0.86), which is lower than the factor 0.50 proposed by the model. However, as shown in Figure 5 and 337 Table 3 , the failure mode of the beams influences the performance of the model. . In Figure 6 , the values of eff /fu are plotted in terms of the ratio fEf /f'c 
where  is the fiber inclination angle with respect to the longitudinal axis of the beam, and the other variables 360 were defined previously. Based on the research by [40] and using data collected from the literature for specimens (1
In Eqs. (9) and (10), Ef and f'c are expressed in units of GPa and MPa, respectively. In Figure 7 , vtest is plotted 366 versus vpred using Model 2 for the tests included in DB2, and Table 4 sumarizes values of AVG, STD and COV1. 
In Figure 8 , values of the ratio eff/fu are plotted against fEf/f'c
, where eff is calculated using Eq. (11), and are 376
shown as "calculated" in the graph. 
402
Figure 9 plots vtest versus vpred using Model 3 for the tests included in DB3, and 
Values of eff /fu are plotted against fEFRCM/f'c 2/3 for all tests in DB3 in Figure 10 where eff is calculated using 
In Figure 12 , eff /fu ratios are plotted against fEFRCM/f'c 491 Table 7 summarizes values of AVG, STD, and COV1 determined for the four models studied. Since different 492 subsets of the entire database were used in the assessment of each model, Table 7 includes the database and 493 number of points considered for each analysis. As discussed in Section 3.1 the performance of Models 1 and 2
494
can be compared using DB2, since specimens in DB2 are common to both models. The performance of Models 495 1, 3, and 4 can be compared using DB3, since specimens in DB3 are common to all three models.
496
Although it was calibrated using a larger database, the AVG value obtained by Model 2 (1.35) is larger than the 497 value obtained by Model 1 (1.12) when the common dataset DB2 is considered. The fact that Model 2 is only 498 recommended for beams in which composite detachment is prevented limits its applicability. 
499
501
The model with the AVG value closest to 1.0 is Model 3 considering only beams that failed due to detachment 502 (1.03). On the other hand, the largest AVG is also found for Model 3 (3.70) for beams that did not show 
521
For the beams included in the database, an increase of 3% to 195% was reported, with an average of 55%. In 522 addition, the FRCM composite can modify the type of failure from shear to a flexural mode.
523
 The effectiveness of the FRCM system appears to be related to the compressive strength of the matrix, as 524 lower values of VFRCM/VCON are usually found for matrixes with higher values of matrix compressive strength.
525
The influence appears to be related to the compressive strength of the substrate, with larger values of 526 VFRCM/VCON reached when the compressive strengths of the matrix and the substrate are similar.
527
 As for FRP composites, a possible interaction between the internal transverse steel reinforcement and the 528 FRCM system has been observed. As reported by some researchers, the presence of the FRCM composite 
551
The above conclusions will need to be validated when more experimental data become available. It is also hoped 552 that the evaluation of the database and distribution of data carried out in this paper will help researchers to plan 553 future experimental tests that focus on variables with scarce data, such as strains in internal transverse shear 554 reinforcement, the influence of the ratio f'cm/f'c, 
